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Abstract: The treatment of moderate or severe hypertension in most cases requires the
contemporaneous use of multiple antihypertensive agents. The most available two-drug
combinations have an agent that addresses renin secretion and another one that is statistically
more effective in renin-independent hypertension. The practice of combining agents that
counteract different mechanisms is the most likely explanation for the fact that most available
two-drug combinations have an agent that addresses renin secretion (beta-blocker, angiotensin
converting enzyme inhibitor, angiotensin II receptor blocker or direct renin inhibitor) and
another one that is more effective in renin-independent hypertension (diuretic, dihydropyridine
or non-dihydropyridine calcium channel blocker). Based on these considerations, addition of
hydrochlorothiazide to the combination of an antagonist of the renin-angiotensin system with a
calcium channel blocker would constitute a logical approach. Inclusion of a diuretic in the triple
combination is based on the evidence that these agents are effective and cheap, enhance the effect
of other antihypertensive agents, and add a specific effect to individuals with salt-sensitivity
of blood pressure. The benefit of triple combination therapy with amlodipine, valsartan and
hydrochlorothiazide over its dual component therapies has been demonstrated, and the use of
a single pill will simplify therapy resulting in better blood pressure control.
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Introduction

Although a common and treatable risk factor for cardiovascular morbidity and mor-
tality, hypertension (blood pressure = 140/90 mmHg) is highly prevalent, affecting
approximately one billion individuals worldwide.!? Concomitant with our progres-
sive understanding of the epidemiology of hypertension and the beneficial effects of
treatment, there has been a progressive lowering of the blood pressure values considered
as the optimal treatment target. Even though awareness and treatment of hypertension
have increased over the years, substantial improvements in blood pressure control rates
are still lacking, with about two thirds of hypertensive adults aged 35-64 years failing
to reach a blood pressure target of <140/90 mmHg,? thus contributing to the negative
result stating that the total control rates remain low, varying from 5% to 33%.3> Nowa-
days, it is postulated that hypertension must be considered a multifactorial disease,
often requiring multiple drugs for its management, and the majority of hypertensive
patients require two or more agents to reach a blood pressure goal. Particularly for those
patients with stage 2 hypertension (or blood pressure > 20/10 mmHg above goal), it
is recommended that treatment begins with a combination of two drugs from differ-
ent classes.>>® And, for patients who do not respond to dual therapy, the addition of a
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third drug is usually necessary. As a matter of fact, although
numerous single-pill combinations with two drugs are already
available, blood pressure remains largely uncontrolled, more
so in elderly, black, diabetic, obese, and severely hypertensive
patients.” Data from different countries show that up to 85%
of patients may need multiple medications to help control
their blood pressure,'® and many need three or more. "

Combining drugs with complimentary modes of action is
pragmatic, as it is more likely to achieve better blood pres-
sure control, and also attenuate the adverse events (AEs)
of the constituent monotherapy.'>'* Furthermore, the risk
of non-compliance, one of the major reasons for failure of
antihypertensive therapy, is reduced by 24% to 26% with
the use of single-pill combination regimens. The absence of
proper blood pressure control in the population is not only
due to the patients’ non-compliance and/or non-adherence to
treatment, but also a part of responsibility can be attributed
to the physicians; none excluded!

From our point of view, the two most powerful elements
with which physicians can increase blood pressure control
rates are self-management of therapeutic inertia and appro-
priate selection of drug therapy. Therapeutic inertia can be
defined as the failure to initiate or increase therapy when indi-
cated, despite clearly-established guidelines and documented
beneficial outcomes.'>'® This behavior is independent from
patient issues with adherence or access to care, and most
probably results from relying on “poor and weak” reasons for
not modifying therapy, or a lack of organization. Productivity
pressures that shorten the patient-physician interaction, and
the multiple, sometimes conflicting, guidelines regarding
therapy compound the issue. However, it has been argued
that correcting inertia may not be enough to obtain blood
pressure control in all the types of patients. A recent and
interesting study employing a modification of survival'’
demonstrated the diminished efficacy of antihypertensive
therapy in the elderly. If therapeutic inertia by physicians is
also increased, it would result in blood pressure control rates
under 65%, even if the elderly were treated as aggressively
as the youngest studied group.

Not only epidemiological or observational studies but
also important and wide clinical trials, including ALLHAT
(Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial), ACCOMPLISH (Avoiding Cardiovascu-
lar Events in Combination Therapy in Patients Living with
Systolic Hypertension), INVEST (International Verapamil
SR/Trandolapril Study), and LIFE (Losartan Intervention
For Endpoint reduction in Hypertension), have reported that
23% to 54% of patients require three or more antihypertensive

agents for blood pressure control and target level maintenance
(<140/90 or <130/80 mmHg depending on cardiovascular
risk).!82! In patients with blood pressure = 20/10 mmHg above
goal, on average, 3.2 drugs might be needed to achieve blood
pressure control.?> Thus, a single-pill combination of three
drugs would be a desired treatment option for hypertension,
and also because it is supposed to reduce the side effects of
any single molecule.

Rationale for fixed combinations
Rather than a protracted vicious circle of ever-increasing
monotherapy dosages, with the potential for more adverse
events, the rapid achievement of blood pressure goals has
the obvious advantage of reducing patient frustration. This
therefore increases trust in the therapeutic relationship and,
hence, adherence to treatment.?

Furthermore, regardless of the specific question posed in
a particular clinical trial, studies exploring hypertension treat-
ment outcomes have attempted to reach increasingly tighter
blood pressure control levels. Coupled with the reduction of
side effects, this leads to a significant increase in therapeutic
compliance. Thus, the need for more drugs to achieve blood
pressure control, the issues of convenience, and side effects
affecting adherence led to the development of single-pill
combination therapies involving almost all the newest classes
of antihypertensive agents. The practice of combining agents
that counteract different mechanisms is likely to be the reason
why most available two-drug combinations have an agent that
addresses renin secretion (beta-blocker, ACE-I [angiotensin
converting enzyme inhibitor], ARB [angiotensin II receptor
blocker] or DRI [direct renin inhibitor]) and another one that
is more effective in renin-independent hypertension (diuretic,
dihydropyridine, or non-dihydropyridine calcium channel
blocker [CCB]). For these reasons, addition of hydrochloro-
thiazide (HCTZ) to the combination of an antagonist of the
renin-angiotensin system (ACE inhibitor, ARB, or DRI) and
a CCB would constitute a logical approach. Inclusion of a
diuretic in the triple combination is based on the evidence
that these agents are effective and cheap, enhance the effect
of other antihypertensive agents, and add a specific effect for
individuals with salt-sensitivity of blood pressure. This last
mechanism is not yet fully understood, but there is strong
evidence that deficient natriuretic derivatives of cytochrome
p450 metabolism of arachidonic acid play an important role
both in rodents* and humans.>¢

The best known triple fixed combination available
nowadays is the one which combines the CCB amlodipine,
the ARB valsartan, and the diuretic HCTZ. Specifically,
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amlodipine blocks the contractile effects of calcium on
cardiac and vascular smooth muscle cells; valsartan blocks the
vasoconstriction and sodium retaining effects of angiotensin II
on cardiac and vascular smooth muscle, adrenal and renal
cells; and, finally, hydrochlorothiazide promotes the excretion
of sodium and chloride in the kidney, leading to reductions in
intravascular volume. A brief description of the mechanism
of action of each individual component follows.

Amlodipine

Amlodipine is a peripheral arterial vasodilator that acts
directly on vascular smooth muscle to cause a reduction in
peripheral vascular resistance and reduction in blood pres-
sure. It is a dihydropyridine CCB that inhibits the transmem-
brane influx of calcium ions into vascular smooth muscle
and cardiac muscle. The contractile processes of cardiac
muscle and vascular smooth muscle are dependent upon
the movement of extracellular calcium ions into these cells
through specific ion channels. Amlodipine inhibits calcium
ion influx across cell membranes selectively, with a greater
effect on vascular smooth muscle cells than on cardiac
muscle cells. Due to these mechanisms of action, amlodipine
produces mostly arterial vasodilatation. Since the CCB does

CcCB

¢ Arteriodilation

¢ Peripheral edema
¢ Effective in low-renin patients

¢ Reduces cardiac ischemia

|

not promote a venous dilatation comparable to the arterial
effect, a displacement of hydrostatic forces in peripheral
capillaries is created which facilitates fluid extravasation into
the interstitial space. This often results in lower extremities
edema due to the force of gravity. However, when associated
with valsartan, the presence of an ARB promotes both arterial
and venous dilation, so balancing the hydrostatic pressure in
peripheral capillaries and thus reducing fluid extravasation
into the interstices. The end result is a difference in lower
extremity edema (Figure 1).

With chronic once-daily administration, antihypertensive
effectiveness is maintained for at least 24 hours. Plasma con-
centrations correlate with effect in both young and elderly
patients. The magnitude of reduction in blood pressure with
amlodipine is also correlated with the pre-treatment blood
pressure. Thus, individuals with moderate hypertension
(diastolic pressure 105—114 mmHg) have about 50% greater
response than patients with mild hypertension (diastolic pres-
sure 90—104 mmHg). In hypertensive patients with normal
renal function, therapeutic doses of amlodipine result in
a decrease in renal vascular resistance and an increase in
intraglomerular filtration rate and effective renal plasma flow
without change in filtration fraction or proteinuria.

ARB
¢ RAS blockade

e CHF and renal
benefits

ARB

¢ Venodilation

o Attenuates peripheral edema

o Effective in high-renin
patients

¢ No effect on cardiac
ischemia

Synergistic

complementary
clinical benefits

cCB
¢ RAS activation

e No renal or CHF
benefits

BP
reduction

Figure I CCB-ARB: synergy of counter-regulation.

Abbreviations: ARB, angiotensin receptor blocker; BP, blood presssure; CCB, calcium channel blocker; CHF, congestive heart failure; RAS, renin-angiotensin system.
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Valsartan

Valsartan’s action is to block the vasoconstrictor and
aldosterone-secreting effects of angiotensin II. This is
acheived by selectively blocking the binding of angiotensin
IT to the angiotensin Il type 1 (AT)) receptor in many tissues,
such as vascular smooth muscle and the adrenal gland. Thus,
its action is independent of the pathways for angiotensin II
synthesis. There is also an angiotensin II type 2 (AT,) recep-
tor found in many tissues. But AT, is not known to be linked
with cardiovascular homeostasis. Valsartan has much greater
affinity (about 20,000-fold) for the AT, receptor than for the
AT, receptor. The increased plasma levels of angiotensin fol-
lowing AT, receptor blockade with valsartan could produce
a stimulation of the unblocked AT, receptors (Figure 2).
Because valsartan does not inhibit ACE (kininase II), it does
not affect the response to bradykinin, as happens with the
use of ACE inhibitors. It is well-known that the blockade of
the angiotensin II receptor inhibits the negative regulatory
feedback of angiotensin II on renin secretion. However, the
resulting increased plasma renin activity and angiotensin I1
circulating levels do not overcome the effect of valsartan on
blood pressure.

In multiple-dose studies of hypertensive patients with
stable renal insufficiency and patients with renovascular
hypertension, valsartan had no clinically significant effects
on glomerular filtration rate, filtration fraction, creatinine
clearance, or renal plasma flow. Administration of valsartan

Non-ACE
/ (e.g. chymase)
Angiotensinogen I

N

Angiotensin |

Angiotensin-converting enzyme \ v

to patients with essential hypertension results in a significant
reduction of sitting, supine, and standing systolic blood
pressure, usually with little or no orthostatic change.

Hydrochlorothiazide

HCTZ is a thiazide diuretic. Thiazides affect the renal tubular
mechanisms of electrolyte resorption, directly increasing
excretion of the ions sodium and chloride in approximately
equivalent amounts. After oral administration of HCTZ,
diuresis begins within 2 hours, peaks in about 4 hours, and
lasts about 6 to 12 hours. Indirectly, the diuretic action of
HCTZ reduces plasma volume, with consequent increases
of plasma renin activity, aldosterone secretion, urinary loss,
and decreases of serum potassium. The renin-aldosterone
link is mediated by angiotensin II, so co-administration of
an angiotensin II receptor-antagonist tends to equilibrate the
potassium loss associated with these diuretics.

Pharmacokinetics

Following oral administration of the single-pill triple combi-
nation in normal healthy adults, peak plasma concentrations
of amlodipine, valsartan and HCTZ are reached in about
6 hours, 3 hours, and 2 hours, respectively. The rates and
extents of absorption of amlodipine, valsartan and HCTZ
from the single-pill triple combination are the same as when
administered as individual dosage forms, as confirmed by the
results of a dedicated study.?” Peak plasma concentrations of

Vasoconstriction
cell growth
sodium/water retention
sympathetic activation

!

AT, receptor

Valsartan

K

Angiotensin Il

l \ AT, receptor

Aldosterone l

l Vasodilation
antiproliferation

Sodium/water

Figure 2 Mechanism of action of valsartan.

Abbreviations: ACE, angiotensin converting enzyme; AT , angiotensin Il type |;AT,, angiotensin Il type 2.
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amlodipine are reached 6—12 hours after administration of
amlodipine alone. Absolute bioavailability has been estimated
to be between 64% and 90%. Following oral administration
of valsartan alone, peak plasma concentrations of valsartan
are reached in 2 to 4 hours. Absolute bioavailability is about
25% (range 10%—35%). The pharmacokinetics of valsartan
do not differ significantly between males and females. HCTZ
is not metabolized but is eliminated rapidly by the kidney.
At least 61% of the oral dose is eliminated as unchanged
drug within 24 hours. The elimination half-life is between
5.8 and 18.9 hours.

Overview of recent clinical studies
Most of the studies testing the triple combination of
amlodipine/valsartan/HCTZ compare it to the double
combination of valsartan/amlodipine or valsartan/HCTZ or
amlodipine/HCTZ. In a recent study, our group showed that,
in patients with stage 2 hypertension receiving HCTZ add-on
if blood pressure > 130 mmHg, treatment with amlodip-
ine/valsartan, with or without HCTZ, was more efficacious
than treatment with amlodipine with or without HCTZ?*
(Figure 3). The addition of HCTZ in this design followed the
general clinical practice of adding another agent only if the
patients are unable to achieve a target blood pressure level.
Another quite recent and interesting randomized forced-
titration study has demonstrated that patients with moderate-
to-severe hypertension receiving a triple combination of
amlodipine, valsartan and HCTZ had significantly greater
blood pressure reductions and control rates compared to
patients receiving the dual component therapies.?’ Again,

Deeks recently published the results of a large, 8-week,
randomized, double-blind, multinational, phase III trial.?
The author demonstrated that in patients with moderate
or severe hypertension, triple combination therapy with
amlodipine/valsartan/HCTZ produces significantly greater
reductions from baseline in mean sitting systolic blood
pressure (msSBP) and mean sitting diastolic blood pressure
(msDBP) than either valsartan/HCTZ, amlodipine/HCTZ,
or amlodipine/valsartan. Furthermore, the proportion of
patients achieving overall blood pressure control at endpoint
was significantly greater with the triple combination regimen
than with any of the dual regimens, with significantly more
triple combination recipients achieving msSBP and msDBP
control at each assessment throughout the trial, independent
of age, race, gender and ethnicity.*

The study CVEA489A23023" played a very important
role in obtaining the European Commission’s approval of the
new 3-in-1 once-daily hypertension treatment. It is a multi-
national, randomized, double-blind, parallel-group, phase 11
study designed to compare the efficacy and safety of triple
therapy (valsartan, amlodipine and HCTZ) with the various
dual combinations of its components, such as valsartan/HCTZ,
amlodipine/valsartan, or amlodipine/HCTZ, in patients with
moderate-to-severe hypertension. The trial was conducted
in 15 countries, with 2,271 patients randomized to double-
blind treatment. Study CVEA489A2302 showed that triple
therapy was more effective in reducing systolic and diastolic
blood pressure than dual combinations of its components in
patients with moderate-to-severe hypertension. Reductions
in msSBP of 40 to 50 mmHg were achieved, with up to 58%

: + HCTZ 12.5 mg
Screening Amlo/Val 5/160>| Amlodipine/ : Valsartan 10/160 mg >
WASH ouUT 5
Amlo5mg ) Amlodipine :10mg >
: +HCTZ125mg
Randomization Izl EI 8 wks

Figure 3 Efficacy of amlodipine/valsartan compared with amlodipine monotherapy in patients with grade 2 + 3 hypertension: Study design.?®
Abbreviations: Amlo, amlodipine;Val, valsartan; HCTZ, hydrochlorothiazide; wks, weeks.
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more patients receiving triple therapy achieving overall blood
pressure control (defined as <140/90 mmHg) versus dual
therapy. Of particular interest is the fact that the maximum dose
of triple therapy (valsartan/amlodipine/HCTZ 10/320/25 mg)
demonstrated additional reductions of 18%-29% in systolic
blood pressure and 19%-32% in diastolic blood pressure
when compared to all dual combinations of its components
at the same doses. Furthermore, ambulatory blood pressure
monitoring showed that the blood pressure-lowering effect of
triple therapy was maintained throughout the 24-hour period.
In addition, this study showed that triple therapy was highly
effective regardless of the patient’s age, gender, race, ethnicity
or baseline blood pressure, and was generally well-tolerated
compared with dual therapy.’!

Discussion

In a press release issued by Novartis,*> David A Calhoun,
MD (University of Alabama at Birmingham), commented
that “the majority of people with hypertension will require
more than 1 medication to control their blood pressure, and
it is not uncommon for patients with severe hypertension
and/or patients requiring stricter blood pressure control to
need 3 or more medications. With a triple combination option,
appropriate patients may experience a simpler routine of a
convenient, once-daily pill to help them control their high
blood pressure.”

Furthermore, we can also say that combination therapy
is increasingly recommended for selected patients with
hypertension to facilitate prompt attainment and mainte-
nance of goal blood pressure. Clearly enough, the possibility
of a single-pill combination therapy simplifies treatment
and optimizes long-term compliance. Moreover, therapies
combining drugs with complimentary mechanisms of
action like amlodipine (a CCB), valsartan (an ARB) and
HCTZ (a diuretic) have been shown to achieve better blood
pressure control and attenuate AEs like peripheral edema
and hyperkalemia.*3*3* Also, it has been suggested that
combining different drugs in a single pill may lead to better
compliance and hence better blood pressure control.*>3* Most
of the studies concerning combination therapy have shown
that, although dual therapy with amlodipine/valsartan is still
indicated as initial therapy in patients who are unlikely to be
controlled with a single drug. and as second-line therapy in
patients not responding adequately to monotherapy, triple
combination therapy with amlodipine/valsartan/HCTZ
has greater blood pressure-lowering efficacy and is well-
tolerated compared to the dual therapy with amlodipine/
HCTZ, and, in stage 2 hypertension, can provide additional

benefits in patients who require more than 2 agents to reach
their target blood pressure. In addition to covering major
pathophysiological mechanisms and providing a treatment
for resistant hypertension (currently defined as the failure to
reach risk factor-tailored goal blood pressure, despite treat-
ment with optimal doses of three pharmacological agents
of different families, one of which is a diuretic), the agents
used in this type of combination have outcome data to sup-
port their use in diverse patient populations.’’

Mostly following some of the evidence mentioned above,
the first fixed-dose combination pill containing 3 drugs was
approved for use in the United States by the Food and Drug
Administration (FDA)*® in April 2009. In fact, it combines
the CCB amlodipine, the ARB valsartan, and the diuretic
HCTZ.* This triple combination has been indicated for
the treatment of hypertension, but not as an initial therapy.
Tablets are available in fixed dosages of amlodipine/valsar-
tan/HCTZ of 5/160/12.5 mg, 10/160/12.5 mg, 5/160/25 mg,
10/160/25 mg, and 10/320/25 mg. Dosing is once-daily.
According to the FDA, a patient may be switched to the
triple or the triple may be added if blood pressure is not
adequately controlled with any 2 antihypertensive drugs
from the classes of CCBs, ARBs, and diuretics. In con-
clusion, if we are to effectively deal with the worldwide
cardiovascular epidemic, we believe that even with well-
chosen double and triple combinations, there will still be
a substantial number of patients who will need additional
antihypertensive therapy. Thus, we (the physicians) should
never feel satisfied with our job just because we are using
a new class or a new combination of molecules. Our aim
must be to achieve an effective and rapid reduction of blood
pressure, always adapting our beliefs to the effective results
obtained with our patients.
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